The polymerization of butadiene was studied using heterogeneous cobalt nickel (oxide) bimetallic catalyst. The prepared catalyst was subjected to calcination at different temperatures. This treatment results in the formation of different phases with multiple oxidation states. The characterization of the catalyst was carried out by XRD, SEM, EDX, TGA, FTIR and TPR/TPD. The catalytic activity was studied for the polymerization of butadiene gas in toluene, n-hexane and ethanol in a Parr reactor system. The products obtained, were characterized by FTIR, GC/MS, 1 H and 1 3 C NMR spectroscopy, Laser Light Scattering (LLS) and GPC.
INTRODUCTION
Poly-butadiene (BR) is the second largest volume synthetic rubber produced next to styrene butadiene rubber (SBR). The major use of BR is in the tires with over 70% of the polymer produced into treads and side walls. For many polymerization systems, factors that influences the activity/selectivity and conversion of the working catalyst and then the product selectivity have been discussed and revealed that it is the double bonds of butadiene that are key to the polymer formation [1, 2] .
The butadiene chain attached with the catalyst results in breaking the bond producing a chain growth intermediate which adds to give a long chain polymer product. Keeping into consideration the end product chemistry, the chain is terminated by the addition of OH group containing solvent to accomplish the required goals. Naturally the molecular characteristics directly influence exploitation properties of these polymers. The above mentioned items also relates to the stereo specific polymerization of dienes in the presence of the catalyst complex (a homogeneous catalyst). Modern theories concerning the mechanism of polymerization on Ziegler Natta catalyst explain many effective relationships between catalyst structure, temperature, reagent concentration, catalyst active metal ingredients and the reaction conditions (flow rate, pressure, time of reaction). These affect the polymerization product molecular weight and their chemistry [3, 4] .
To date the catalyst used for the polymerization of butadiene are comprised of an organo-cobalt compound, and organo aluminum compound. It must be noted here that inspite of many workers devoted to Butadiene Polymerization; there are not enough quantitative data in the literature on the influence of catalyst preparation conditions on its activity and stereo specificity and also on the molecular characteristics of the product formed.
The solution polymerization of butadiene is usually carried out in hydrocarbon solvents n -Hexane, Cyclohexane and Pentane. These are the most commonly used solvents, the advantage of aliphatic solvents over aromatic solvents are in lower price and lower toxicity. Aliphatic solvents are also superior in the final steps of the industrial process. In contrast to aromatic solvents, aliphatic and cycloaliphatic solvents are considered to be inert [5] . The use of aromatic solvents results in reduced catalyst activities as already reported by Taube and Sylvester [6] . Another common finding of various studies on the influence of solvent is the decrease of cis-1, -4 contents by the use of aromatic solvent [7, 8] . In addition to aliphatic and aromatic hydrocarbons, chlorinated aliphatic hydrocarbons and ethers were tested in Nd catalyzed butadiene polymerization. Chlorinated aliphatic hydrocarbons strongly decrease catalyst activity and often yield insoluble polymer gel [9] . Ethers such as THF are catalyst poison.
A series of comparative studies is available in which Nd based catalyst systems were tested in various solvents. Hsieh et al. studied the influence of cyclohexane, n-hexane, npentane, chlorinated arenas, toluene, 1 -hexane, tetrachloroethylene, and styrene in diene polymerization with the binary system NdX3. nD/AIR3 [10] . Duvakina et al. investigated the influence of cholorobenzene, toluene, and cyclohexane on trans-1-4 content. In this study, the binary trans-1,4-specific catalyst system NdCL3, TBP/Mg ( n C4H9) (iC8H17) was used [11] . For binary Nd (OiPr)3 containing catalyst systems, the influence of the solvent heptane, cyclohexane, toluene, dichloromethane was investigated by Dong et al. [12, 13] . Information about the influence of solvents on ternary Nd systems are available for Nd(N(SiM33)2)3/TIBA/DEAC [7, 8] One of the most detailed studies on the influence of solvents is available from Porri et al. [16, 17] . In these studies, the Nd carboxylate based systems Nd (isoctanoate)3/TIBA/DEAC was used. Porri et al. gives the following ranking of the solvents studied: cis-butene> 1 -pentene> heptane> (+3% toluene) > toluene > mesitylene > toluene (+7% hexamethylbenzene). The reduction of polymerization rates by aromatics solvents or by the presence of small amounts of aromatic compounds is explained by competitive coordination of monomer and arenas to vacant Nd-sites.
In olefin polymerization, among the best catalysts for the tailoring of the properties of polyolefins are metallocenes. Although metallocene complex can be used in homogeneous form, they are often used in heterogeneous one, i.e. they are supported on an insoluble carrier prior to polymerization, typical support material are silica and alumina, magnesium chloride, zeolites, clays, micelles [18, 19] . The reasons for the heterogeneous of the metallocene are, for example, slower deactivation of the metallocene, avoidance of reactor fouling, less co-catalyst required, good and uniform polymer morphology, higher polymer density and requirement of the commercial polymerization processes [20] .
Methods for heterogenization of the metallocene complex to the support are often divided into three groups.
i.
Direct immobilization of the metallocene on the support. Immobilization on the support pretreated with methylaluminoxane [MAO] [21, 22] .
ii. Alkylaluminium [23, 24] and activation of metallocene with aluminoxane prior to immobilization [18, 20, 25] .
To-date the pioneering researches have been making extensive studies in the field of supporting single site catalyst on different supports like MgCl2 etc. [26] .
Hetregeneous catalysts consisting of metals or metal oxides alone or adsorbed on the surface of solid supports are of commercial interest for low pressure polymerization of olefins [27] . Common catalyst composition includes oxides of chromium or molybdenum, cobalt and nickel metals, supported on silica, alumina, titania, zirconia or activated carbon [27] . The mechanism and kinetics of the mechanism are still largely unknown although many proposals like those made for Ziegler-Natta polymerization have been presented.
The system of Nickel and Cobalt bimetallic catalysts have been selcted for the following reasons.
1.
Both Ni and Co exist in mixed valent states viz., M 0 and M +2 even after catalyst reduction, in our case this is the key factor in the polymerization process.
2.
After the adsorption of solvent the cobalt and nickel content increases on the surface many fold to that in the bulk. This also contributes towards the stability, activity and selectivity of the catalysts.
3.
The increase in Cobalt and Nickel content on the surface indicates an increase in the amount of two metals which increases the adsorption and desorption rate of the solvent, as a result the enantioface differentiating ability of the catalyst decreases.
4.
The electronic and stearic effects of the solvent over Ni:Co bimetallic surface results in the increase in ability to attract electron donating groups or electron attracting group.
To the best of our knowledge there are only few reports in the field of heterogeneous bimetallic catalyst systems having different oxidation states and phases used for polymerization studies. This study extensively reports the polymerization of Butadiene using heterogeneous metal catalysts coupled with the effect of different solvents and calcination temperature on the product selectivity.
We have found an interesting aspect from this study that by varying the reaction parameters and catalyst calcination temperature we can direct the polymerization products selectivity towards aliphatic/aromatic and trans or cis product formation. The kinetic parameters of the reaction are also studied and reported here. On the basis of our findings we postulated a mechanism for the formation of different molecular weight polymer products with very narrow polydispersity.
EXPERIMENTAL Materials
Co(NO3)2.6H2O purity of > 99% of FLUKA, Ni(NO3)2.6H2O Purity of > 98% of FLUKA, Citric Acid Purity of > 99.5% used as a reducing agent. Ammonium hydoroxide (NH4OH) (35% of Merk) was used to enhance the adsorption of metal on solid support. Freshly dried Toluene of Merk, n-Hexane Analytical Grade of Merk and absolute Ethanol along with Butadiene gas of purity of 99.999% were used in the study.
Catalyst Preparation
The catalysts were prepared using citrate route of sole gel. Citric acid was used as a reducing agent and ethanol as a solvent. Cobalt, Nickel nitrate and citric acid mole ratio of 1: 4 in 80 ml ethanol was mixed for 30 minutes at 353 K. The resulting slurry was dried at 473 K for 2 hours. The resulting solid was divided into three portions and calcined at 673K, 873 K and 1173 K for 6-hours to obtain different oxidation states of Cobalt/Nickel oxide bimetallic catalyst.
The preparatory variables, catalyst compositions and EXD analysis of the prepared samples are presented in Table  1a and Table 1b .
THE CATALYST CHARACTERIZATION
The morphologies of the support, the synthesized catalysts were examined by Phillips scanning electron microscope (SEM) XL-30ESEM FEG, equipped with an energy dispersive X-ray spectrometer (EDX). The samples were prepared according to the procedure reported in reference [28] . XRD (Phillips PW 3040/60 X Pert Pro) powder diffractometer was used for analysis, using nickel filtered copper K alpha radiations with generator setting of 40 KeV. The diffraction pattern were recorded in the range, 50 ~70 0 . The peak identification was accomplished in comparison with ASTM standard diffraction data file. BET surface area of all the samples were determined by nitrogen physisorption using a Micromeretics ASAP 2010. The samples were degassed at 155 ºC for 3-hours before the experiment. The thermal decomposition behavior of the samples were studied by Thermogravimetric analysis (TGA), and differential thermal analysis (DTA) on a Mettler TGA/SDTA 851 in oxygen environment. Temperatureprogrammed reduction (TPR) studies were carried out with TPDRO 1100 Series Thermo Electron Corporation system. The accuracy was ± 5 ºC. The Infrared (IR) spectra of the catalysts and product were obtained on Bio-Red Excalibur FTIR Model 3000 MX as KBr pellet and as NaCl cell respectively. The 1H and 13 C-NMR spectra of polymer were recorded on a Bruker 300 MHz instrument, using deturated chloroform CD3OD as solvent. The GPC analysis were performed using Perkinelmer Injector Detector L3350 equipped with RI Monitor. All the samples were referenced to standard.
Laser Light Scattering (LLS) of the products were performed using a commercial light-scattering spectrometer (ALV/SP-150 equipped with an ALV-5000 multi-ô digital time correlator) was used with a solid-state laser (ADLAS DPY 425II, output power | 400 mW at ë = 532 nm) as light source. For each sample four concentrations ranged from 2.0 x 10 -3 to 8.00 x 10 -3 g/mL were prepared by dilution. All polymer solutions were filtered by using a 0.50 -m Whatman filter in order to remove dust completely.
Analysis of the exit gasses and oily samples were carried out using on line GC/MS 6890N Egilent Technology USA.
The poropak Q column was used for GC analysis. Before the analysis the GC was calibrated using standard mixtures of hydrocarbons aliphatic/aromatics products supplied by BOC, UK.
BUTADIENE POLYMERIZATION
For each experiment 2.5 gms of catalyst was loaded inside the SS microreactor ( Fig. 1 ) using ethanol, n-hexane and toluene in three different experiments with catalyst samples calcined at 673 K, 873 K and 1173 K. The system was flushed with argon to ensure complete removal of air from the microreactor and then butadiene at 50~60 psig pressure at a flow rate of 40-50 mls/min was injected into the microreactor with continuous stirring. The temperature of the reaction was raised to 130 ºC in increment of 5 ºC. The reaction temperature was maintained at 130 ºC for 2hrs. The catalytic reaction was monitored with continuous injecting the sample in to on line GC/MS, when the product becomes stabilized the reaction was stopped and the resultant mixture was analyzed using 1 H-NMR and 13 
CNMR along with GC/MS, FTIR, GPC and LLS (Laser Light Scattering).
Blank experiments were also carried out and the product obtain was analyzed by NMR and GC/MS but no appreciable peak was obtain.
RESULTS AND DISCUSSIONS

Characterization of Catalysts
SEM micrographs of the samples calcined at different temperatures are presented in Fig. (2a, c, 
e, Fresh Catalysts).
No open pore structures can be seen on Fresh the samples calcined at 673K and 873 K. The sample which was calcined at 1173K irregular pore structure can be seen. The packing order seen on these samples could be due to geometrically well defined channels of the oxide formed and such structures are fairly stable. The SEM analysis performed on the spent catalysts ( Fig. 2b, d , f) does support our argument, where the particle size, characteristics and the nature of the catalytic active sites changes appreciably.
The adsorption-desorption curve shown in the Fig. ( 3) support our argument presented above where the hysteresis structure of the catalysts reflects the formation of channeling within the sample pores, these channeling changes the adsorption and desorption chemistry of the catalyst during the polymerization reaction and consequently results in the highest specific surface area and excellent polymerization properties.
What we are proposing here, that as we increase the calcinations temperature the Ni, Co particles shift to single oxidation states due to which the electronic interaction between two metals increases as our XPS/XRD data suggests. Consequently the adsorption capacity of the catalyst increases. This adsorption increase is related directly to the increase in pore volume, since at this temperature only metals with single oxidation states are available, this results increase in catalyst stability, activity and selectivity. Fig. (3) presents the adsorption desorption curves at three different temperature. The study of Fig. (3) revealed that adsorption intensity is considerably higher on the catalyst sample calcined at 1173 K and correspondingly desorption curve shows higher volume of desorption (270 cm 3 /gm at STP ) in comparison with catalyst calcined at 673 and 873 K which has 175 and 75 cm 3 /gm desorption at STP). 
Catalyst Characterization Using XRD
The XRD of the samples calcined at different temperatures are presented for fresh and spent catalysts in Fig. (4a, b) . The study of the XRD data reveals crystalline characteristics of the catalyst samples calcined at 673 and 873 K, because of narrower peak width in comparison of the sample calcined at 1173 K. The particle size of the calcined and prepared catalyst samples are calculated from Scherer equation BET and specific metal surface area of the catalysts is calculated using procedures described in reference [29] are presented in Table 1b . Study of the peak intensity of the catalyst samples calcined at 1173 K indicates phase transition from octahedral Co3O4 to tetrahedral of CoO [30] . Where as only one phase of Ni and Co is seen on the samples calcined at 673 and 873 K. The peak broadening and low intensity on the catalyst calcined at 673 and 873K, reflects the amorphous nature of the prepared system. The 1173 K calcined sample shows electronic interaction of Ni:Co(Ox). The increase in particle size also confirms the high crystalline nature of the material. This is a direct indication of the effect of calcination temperature on the catalyst oxidation states. The reduction degree for the catalyst calcined at 673, 873 and 1173 K at different reaction time were plotted and presented in (Fig. 5 ) is higher ( = 0.73) on the sample calcined at 1173 K in comparison with the catalyst calcined at 673 and 873 K ( = 0.23 and 0.27 respectively). This is an agreement with the diffusion problems observed by Serra et al. [31] . 
Catalysts Characterization Using TGA
Thermodynamic parameters were calculated from TGA studies using the procedure described in reference [47, 48] and are presented in Table 2 . The thermodynamic parameters suggest that the formation of Ni:Co(Ox) bimetallic electronically modified geometry on the sample calcined at 1173 K in comparison with other catalysts because of the changes induced within the catalyst lattices as can be observed with the change in entropy, heat of reaction and activation energy ( Table 2) . These higher oxidation states of Ni:Co(Ox)changes the reaction chemistry during the polymerization reaction. It produces an extra amount of energy because of higher oxidation states which results in increase in acidic nature of the active sites. This makes the reaction exothermic and its activation energy is decreased. This is a direct reflection of the presence of electronically modified active sites within the catalyst matrix, which results in increased catalyst activity, product selectivity and % conversion. The EDX analysis presented in Table 1 reflects the changes in the reaction chemistry, where the Nickel and Cobalt concentration on this catalyst comes out to be 38% and 37% respectively, consequently the major contribution in the catalyst behavior comes from mixed CoO:Ni(Ox) bimetallic phase, geometry, mechanical strength and particle shape. It is our observation that edges and corners of the catalyst particles have an important role to play during the polymerization process, where the adsorption/desorption chemistry stoichiometery changes, resulting in the production of polymeric products.
The TPD/R Study
The Temperature Programmed Reduction/Desorption equipment is equipped with 273-1273 K programmable temperature furnace. Each sample (50 mg) was first heated at 673 K in an argon flow (8 ºCm 3 /min) for 3-4 hours to remove all the surface impurities. The sample was then heated in a vol %H2/Ar flow (80 cm 3 /min) from 673 K to 1173 K at a rate of 5 K min-1 and maintained at 1173 K until reduction process was finished. The TPD was performed in pure hydrogen with a flow rate of (80 cm 3 /min). The temperature was raised to 673 K from room temperature at 1 K mn -1 up to 673 K. They were isothermally maintained at this temperature for 4-hours. The samples were than cooled to room temperature in the hydrogen flow, and heated at a rate of 10K/min to 1123 K. The hydrogen desorption was detected with TCD detector. For the Hydrogen Chemisorption the samples were reduced under the same condition described above. After reduction, the chemisorbed hydrogen was removed in the stream of 30 ml/min of He for 30 minutes at 683 K. The sample was subsequently cooled to 303 K in the He stream. The chemisorbed hydrogen was analyzed at 303 K. The nickel and cobalt surface area was calculated assuming a stoichiometery of one hydrogen molecule per two surface atoms and an atomic cross sectional area of 6.49 x10 -20 m 2 /Ni, Co atoms. The reducibility of the sample Ni:Co(O x ) the short listed best catalyst on the basis of polymeric activity was estimated by TPR, considering its initial reduction temperature obtained from the literature [32] . Our goal was to confirm the degree of reduction ( ) observed by XRD on our catalysts. The results of the study is presented in Fig. (5) . The initial reduction temperatures values are 515 K for sample calcined at 473 K, 708 K for sample calcined at 673 K, 876 K for sample calcined at 873 K and 1083 K for the sample calcined at 1173 K. This confirms that the interaction between NiO:Co(Ox) leads to the formation of bimetallic NiO:Co(Ox) sites at lower temperature with different oxidation states. As the calcinations temperature increases up to 1173 K, the multiple oxidation states are conversed to single bimetallic states. To obtain information about their active sites, temperature programmed desorption of hydrogen was performed on all the catalysts samples. The mechanism of adsorption/desorption of hydrogen are extremely complex [34, 35] especially when dealing with bimetallic catalyst systems. This is because phenomena related to the interaction between different active phases can interfere. TPD data shows two peaks on the sample calcined in between 473 K to 873 K one in the lower temperature region and the other at higher temperature region. For the catalyst calcined at 1173 K these two regions are merged into a single peak.
The low temperature TPD profile has been associated with different adsorption states of the hydrogen on bimetallic catalysts [33] [34] [35] . It is attributed to the occurrence of high temperature peaks to hydrogen spillover taking place during high temperature treatment of our catalysts. We also suggest here taking into consideration the discussions presented above that the high temperature peak is associated with other adsorption states of hydrogen (due to a difference in morphology and changes in particle size). Another point worth considering here that higher metallic area attained on the supported catalysts results in the lower adsorption peaks of hydrogen and especially due to the presence of specific active oxidation states induced in the system by different calcinations temperatures. This is the reason that the changes in catalytic activity/selectivity and product distribution, takes place on our system. The TPD of pyridine on the samples calcined at 673, 873 and 1173 K presented in Fig. (6) suggest that as the calcinations temperature ingresses the catalyst geometry is shifted towards the single oxidation states thereby increasing no. of acid active sites available for the reaction in comparison with the catalyst calcined at 673 and 973 K.
The FTIR Studies
The FTIR studies were performed on the sample calcined at 1173 K which shows best catalytic activity and polymeric selectivity presented in Table 3 and Fig. (7) . On fresh and spent catalysts shows a sharp band at 1384 cm -1 and a broad band at 3456 cm -1 . These bands are due to CH2OH as adsorbed species. The absorption band in range of 1647 cm -1 indicates the presence of C=C group, the sharp and characteristic peak of carbonyl group C=O is present at 1730 cm -1 The weak and medium intensity of C-O-C is present in the range of 1110 cm -1 , on the surface of spent catalyst. This indicates that whole polymerization process takes different interaction routes on different types of active sites due to different oxidation states and phases of Ni and Co as confirmed by TGA and XRD studies. The FTIR data of fresh (F)and spent(S) catalyst before and after catalytic reaction is presented in Table 3 , which support our findings. 
The XPS Study
The XPS study performed on the sample calcined at 1173 K and presented in Fig. (8) confirms the findings of XRD/SEM/TPD/R that at 1173 K the electronic interaction between Ni and Co shift the binding energy towards positive side and indication of creation of ensemble effect, whereas no appreciable effect on the binding energy is observed on the samples calcined at 673 K and 873 K. 
CATALYTIC ACTIVITY
The conversion-time plot presented in Fig. (9a-c) for the polymerization process is transformed in to first order plots and presented in Fig. (10) reveals that polymerization rate decreases in order ethanol>n-hexane>toluene. The maximum conversion is achieved on the catalyst sample calcined at 1173 K, Fig. (9a) . On the basis of the results presented in Fig.  (6) , a linear dependency is only obtained for the polymerization in ethanol. The respective first-order plots polymerization of n-hexane and toluene are curved. The deviation from the respective straight lines is more pronounced in n-hexane and in toluene. On the basis of this evidence only the polymerization in ethanol is in compliance with the first order requirement for a living polymerization [32, 36] . Due to deviation from the first order dependencies, the polymerization in n-hexane and toluene do not comply with the requirement. The argument reported in References Sumcobalt (2) sumcobalt(1) [32, 36] it can be concluded that irreversible chain termination reactions occur in n -hexane and toluene.
The best selectivity achieved for ethanol solvent is due to its structure, it is easier to break C-H bond in ethanol rather than in toluene and n-hexane. Our TGA data and the results reported in Fig. (5) supports this argument where the changes in kinetics and thermodynamics parameters reflect the linear chain solvent have higher adsorption and desorption rate an important aspect for catalysis reaction.
In order to quantitatively compare catalyst activities in ethanol, n-hexane and toluene, catalyst turn over frequencies (TOF) were calculated from the time conversion plots given in Fig. (5a-c) . The following orders of TOF values were determined: 7620h -1 for ethanol > 3452h -1 for n-hexane > 1650h -1 for toluene. From the ratios of TOF values the relative apparent concentration of active species can be estimated: for ethanol >1, for n-hexane >0.2 1, for toluene >0.11. The reduction of active Ni:Co(Ox) sites in n-hexane and in toluene can be quantitatively explained on the basis of competitive coordination between butadiene and n-hexane and toluene solvents to active Ni:Co(Ox) oxidation states which constitute active catalytic centers for this process. As n-hexane and toluene have more or less similar Lewis basicity, the lower polymerization activity in both cases is a hint of an additional reduction of active sites by irreversible chain termination.
The higher product selectivity achieved in case of ethanol could be ascribed due to the characteristic surface properties of the catalyst, leading to sufficiently coverage with weakly bound hydrogen which diverts the reaction towards the formation of aliphatic products at lower temperature. The catalyst calcined at higher temperature tilted more towards strongly bound hydrogen, thereby increasing the concentration of surface intermediates, thus producing aromatic hydrocarbons. At weakly bound hydrogen crystallization is not favored. On the other hand the strong bonded hydrogen increases the hydrogen/intermediate ratio and thus producing enough hydrogen enriched species to give the aromatic products. We also propose here at lower temperature the crystallinity of the catalyst particles also contribute towards the shift in product formation. The metal surface area availability could be another cause.
From the activity data we can also suggest that the temperature of calcinations of our catalyst system strongly influence the molecular weight distribution of the resultant polymers. When the catalyst is calcined at 673 K and 873 K respectively the resultant catalyst were found not significantly active for butadiene polymerization. On the contrary the catalyst pretreated at 1173 K was found active because of the uneven particles shape as can be seen in SEM study. A particularly important feature of heterogeneous catalyst in case of polymerization is its ability to give uneven particle size and geometry. As indicated in SEM study of the Ni:Co(Ox) catalyst, calcined at 1173 K is the formation of channels and uneven surface, consequently the polymerization is taking place outside and inside of the catalyst almost simultaneously. In this way this catalyst is highly productive, good morphology and high bulk density. This argument confirms that, this type of catalyst morphology can be replicated throughout catalyst preparation and treatment. An important factor in the polymerization process is the particle size which generates extra amount of thermal energy during the polymerization process to proceed.
The carbon mass balance of the process was maintained during the catalytic polymerization studies. Conversion and selectivity were calculated using the following procedure. 
CHARACTERIZATION OF PRODUCTS
The microstructure of Butadiene Polymerization product was determined by IR spectroscopy (Figs. 11, 12) . The following peaks were used for quantitative determination of polymer structure: 723 ~ 760 cm -1 is due to long chain band. The vinyl loop for ( (cis-R=CR-) cis-1-4, ~ =0.192), 912 cm -1 ( (RCH=CH-H), 1, 2, ~ =1.0), 965 cm -1 ( (trans-R-CH=CR-H), trans-1, 4, ~ 0.769). The aromatic absorption band is present in 1580~1600 cm -1 . The polymeric Hbonding is found in 3400~3441 cm -1 , the absorption at 3150 cm-1 is due to stretching of =C-H. The characteristic carbonyl peak is present at 1730 cm -1 as shown in Fig. (8) . The validity of the Lambert-Beer law was assumed.
Polybutadiene which are predominantly of 1,4 microstructure show two major signals of 1 3 C at 27.2~27.4 and 32.5~32.7 ppm corresponding to cis and trans methylene carbons next to 1,4 units respectively. A high vinyl contents, a methylene carbon line at 30.97 ppm has been assigned. The peaks assigned at 42.03~44.51ppm is for 1, 4-v-1, 4 CH [37] . When polymerization is carried out in ethanol solvent, we can get the microstructures of aliphatic and aromatic carbonyl compounds. Fig. (13) Table 4 shows M + with 100% relative abundance at m/z=149 and other decomposition and fragmentation pattern does support our argument Monomer conversion was determined gravimetrically. For this purpose, samples were taken and weighed (still containing solvent and monomer). The weight of the samples was determined again after polymerization had been short stopped with ethanol and after residual solvent has been removed by vacuum drying at 338 K.
Kinetic parameters of polymerization were calculated from product molecular mass plotted vs time of polymerization and monomer and catalyst concentration according to references [39] [40] [41] .
The 13 C, 1H-NMR and GC/MS data of the synthesized compounds showed that microstructures obtain were of three different types:
1.
2.
Fig . (11) . The microstructures.
I. Saturated hydrocarbon alkanes
II. Unsaturated polymeric alkenes with OH group and C=O group III. Aromatic carbonyl compounds
Characterization of Product Using Laser Light Scattering (LLS)
A commercial light-scattering spectrometer (ALV/SP-150 equipped with an ALV-5000 multi-ô digital time correlator) was used with a solid-state laser (ADLAS DPY 425II, output power | 400 mW at ë = 532 nm) as light source. The incident beam was vertically polarized with respect to the scattering plane. For static LLS, the instrument was calibrated with toluene to make sure that there has no angular dependence in the scattering angle of 20°-150° from toluene. The detail of the LLS instrumentation and theory can be found elsewhere [42] [43] [44] . All the measurements were carried out at 25 + 0.1 ºC. The angular dependence of the excess absolute timeaveraged scattered intensity, known as the excess Rayleigh ratio, Rvv(q), of a dilute polymer solution was measured. For a dilute polymer solution at a relatively low angle è, Rvv(q) can be expressed as [45] :
(1)
where
with NA, dn/dC, n and ëo being Avogadro's number.
The specific refractive index increment, the solvent refractive index, and the wavelength of the light in vacuo, respectively. Mw is the weight average molar mass; A2 is the second virial coefficient; and <Rg 2 >z 1/2 > is the root-mean square z-average radius of gyration of the polymer chain. Refractive index increment of (~0. 105 mL/g) for the polymer was measured by a high-precision differential refractometer [46] , which enables us to measure dn/dC and the scattered wavelength under identical experimental condition, so that the wavelength correction was eliminated. It is vital in static light scattering to have a precise value of differential refractive index increment. dn/dC, because the measured Mw is proportional to (dn/dC) -2 . The results of the experiment is presented in Table 5 and Fig. (14) . The GPC analysis of the products is presented in Table 6 . Studying Table 6 it could be inferred that the polydispersity is quite narrow of the butadiene products which is supported by variation in chain length.
Kinetics of Butadiene Polymerization
The kinetics scheme in polymerization process can handle anionic, cationic, and group transfer polymerization. We proposed here on the basis of our characterization results, the following polymerization scheme. The whole polymerization process keeps track of different types of active sites. Once it is dissociated activation and initiation reactions, exchange reaction, chain transfer reaction and chain termination reaction proceeds. We assumed that the associated polymeric species exist as a dimmer when butadiene are attached to the catalyst active sites, electronic interaction comes into effect, thus modifying the overall geometry of the system. In this study we assume that there is only one type of propagating species i.e. only ion pair active catalyst sites generated due to different oxidation states of Ni and Co.
Hsieh et al. [41, 42] has extensively studied the polymerization of styrene and butadiene in hydrocarbon solvent using different initiators and solvents. They have reported monomer reactivity ratios in various solvents. Their studies indicate that in polymerization, the reactivity ratios are a strong function of solvent and initiator. For styrene and butadiene the reactivity ratio for butadiene is about 50 times larger than reactivity ratio of styrene in cyclohexane solvent and of course with initiator. In the present study the polymerization reactivity has been achieved by just controlling the particle geometry in the bulk and on the surface which in turn control the equilibrium of the reaction. The percentages of polymer chain are associated in the dimeric nature of associated polymer. In the present study the control of this dimeric nature of chain propagation directs our reaction towards the formation of aliphatic and aromatic polymers. On the basis of the theory presented above and the FTIR, NMR and GPC, LLS, we postulated a scheme of catalytic reaction presented in Fig. (15) , which indicates the interaction of different ionic/nonionic catalytic active sites and forms an intermediate which controls the product formation.
CONCLUSIONS
•
The high surface area catalysts were active for the polymerization of Butadiene at low temperature and pressure.
The calcinations temperature of the catalyst produces crystallinity and shifts it towards. • the multiple phase transition i.e. responsible for the increase of active sites.
No effect of pressure and temperature was observed on the product distribution.
The catalyst active sites geometry and reaction conditions control, product selectivity.
• either towards the formation of aliphatic or aromatic compound.
The characterization results indicate the formation of two types of intermediate, responsible for shifting the product selectivity towards aliphatic or aromatic polymers formation.
The nature of acid catalytic active sites controls the catalytic reaction stochiometry.
The polymerization product has very good polydispersity and high molecular weight.
The Ni:Co[Ox] catalyst calcined at 1173 K showed higher activity and selectivity towards polymerization of butadiene in comparison with other catalysts samples in ethanol solvent. Aliphatic/ aromatic polymeric products
